Prescribing for older patients is a well-recognised problem, and inappropriate items are prescribed frequently. Several tools and criteria are available to promote rational prescribing in older patients. Objective. To determine the prevalence of potentially inappropriate prescriptions (PIPs) in older South African patients. Methods. A retrospective drug utilisation review was conducted using medicine claims data over a 1-year period. Patients aged ≥65 years with at least one paid claim for any medicine item during this period were included. The prevalence of PIPs was identified by applying the 2012-Beers criteria list. Results. A total of 103 420 patients, mean age 74.0 years (standard deviation 6.7), 57.1% female, were included in the analysis. The number of PIPs identified was 562 852 in 71 206 patients (68.9%). The most common medicines inappropriately prescribed were oestrogen (oral and patch formulations only) (12.4%), meloxicam (7.3%), amitriptyline and combinations thereof (6.5%), diclofenac (6.4%), ibuprofen (6.1%), alprazolam (5.3%), meprobamate and combinations thereof (5.0%), sliding-scale insulin (3.3%), amiodarone (3.1%) and doxazosin (2.6%). Medicines were inappropriately prescribed to women statistically significantly more often than to men (1.9:1; p<0.001), although this difference was not of practical significance (Cramér's V=0.06). Conclusions. Medicine use in older patients must be appropriate and evaluated regularly. According to explicit criteria, PIPs were found to be common in older patients registered on the database. Monitoring of PIPs may increase the quality of prescribing, but explicit criteria cannot substitute for clinical judgement based on the individual patient.
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Altered pharmacokinetics and pharmacodynamics associated with ageing may contribute to drugs being classified as inappropriate for use in older adults. [1] With the number of older and very old people increasing rapidly, [2] inappropriate medicine prescribing in the older population is becoming a well-recognised problem. [3] Developing countries such as South Africa (SA) are not exempt from the effects of an ageing population. For instance, the pensioner ratio in SA increased from 5.9% in 2001 to 7.3% in 2014, [4] with approximately half of older patients in the private health sector of SA suffering from more than one chronic disease, some being diagnosed with up to 11 conditions. [5] There has been an increase in the complexity of medication regimens used to treat older patients, and they usually have multiple prescribers. Careful planning and knowledge of the ageing process and the drugs prescribed are essential in prescribing for older patients, as they are at an increased risk of developing drugrelated problems. [6] Several tools and criteria to improve rational medicine use in older patients are available. These can be grouped into implicit and explicit tools, and tools based on a combination of these two. The Beers criteria list is one of the most frequently applied and adopted explicit screening tools to assess potentially inappropriate prescriptions (PIPs). It has been adopted by numerous medical aid groups and administrators to pinpoint older patients with an increased probability of experiencing negative outcomes related to PIP, and it has shown to be a useful tool for assessing PIP in large populations. [1] A review of US-based studies [7] indicated that almost 40% of people living in care facilities for the aged received inappropriate prescriptions, and almost half as much was seen in communitydwelling people aged ≥65 years. A similar Australian-based study [8] found that almost 20% of patients aged ≥70 years had at least one inappropriate prescription during a 6-month period. Similar to these, an earlier study conducted in SA to identify potentially inappropriate medicine items prescribed to older patients showed that 30% of prescriptions (n=6 410) included at least one potentially inappropriate item. [9] A common finding is that older female patients are more likely than older males to be prescribed potentially inappropriate medication. [9] Some of the most common potentially inappropriate medicine items prescribed are those acting on the cardiovascular system, psychotropic agents and neuroleptic agents, especially those for neuropathic pain. Specific medicine items include amitriptyline, benzodiazepines, doxazosin, proton-pump inhibitors, non-steroidal anti-inflammatory agents (NSAIDs), digoxin, antihistamines and oestrogen (only oral and patch formulations).
Objective
Our study focused only on the private health sector of SA, which comprises approximately 16% of the country's total health sector. In December 2014, the total number of medical aid beneficiaries was 8.81 million, which consisted of more female (52.5%) than male (47.5%) beneficiaries. [4] Although the private sector serves almost a quarter of the SA population, data on the utilisation of medicine items in the private sector are difficult to access as most of the medical aid administrators regard such data as proprietary. The general objective of the study was to investigate medicine prescribing patterns for older patients in the private health sector of SA utilising the 2012-Beers criteria list [10] for PIPs.
Method Design and data source
A cross-sectional analysis was conducted using a database obtained from a well-known SA pharmaceutical benefit management company (PBM). At the time, the PBM used had approximately 22 years of October 2016, Vol. 106, No. 10 service excellence and more than 1.6 million South Africans were benefiting from its services. The company provided services to 35 medical aid schemes and five capitation provider clients administered by 15 different healthcare administrators. [4] At the time of writing, the PBM was linked up to all SA's pharmacies and 98% of all dispensing doctors.
The database for the period 1 January -31 December 2013 con tained pharmaceutical claims information for a total of 8 776 279 patients. A total of 103 420 patients on the database were aged ≥65 years (44 343 men, 59 077 women), representing 2.5% of all people aged ≥60 years with medical aid coverage across SA during 2013. [11] We queried data fields for patient demographic information (sex and date of birth), and pertinent prescription information (drug trade name, strength, how many days' supply, quantity and treatment date). Date of birth and treatment date were used to calculate the age of patients on the day of treatment.
Assessment of PIP
The 2012-Beers criteria list [10] was used to identify PIPs of medicine items among older patients by counting the number of drugs on the Beers criteria list per prescription. Some drugs listed in the 2012-Beers criteria are marketed under different names in SA. For example, mepiridine is known as pethidine, scopolamine as hyoscine and phenobarbital as phenobarbitone. Any item listed in the 2012-Beers criteria that was not available in SA at the time of the study was excluded.
Statistical analysis
Variables were characterised using 95% confi dence intervals (CIs), descriptive statistics such as proportions/ratios for categorical varia bles, and means and standard deviations (SDs) for continuous variables. An independent two-sample t-test (assuming unequal variances) was used to assess the statistical significance of the age difference between men and women. The χ 2 test was performed to determine the association between the prevalence of the Beers criteria list items and gender or age group. Because statistical significance tests yielded small p-values (indicating significance), in most tests we focused our interpretation on effect sizes, which are independent of units and sample size. Cohen's d-value was used to evaluate mean differences between groups (with significance defined as a level of at least 0.8), and Cramér's V statistic (defined as a level of at least 0.5) was used for associations between categorical variables. Statistical analyses were performed using SAS software, version 9.3 (SAS, USA).
Results

Study population characteristics
A total of 103 420 patients aged ≥65 years (male/female ratio 1:1.3) were included in the study. Their characteristics are shown in Table 1 . There was no difference in the mean age of female and male patients (p<0.001; Cohen's d=0.10).
A total of 1 544 268 prescriptions were claimed for older patients, at an average of 14.9 (SD 9.5) per patient (95% CI 14.87 -14.99). Women received more prescriptions than men (58.6% v. 41.0%), but there was no difference between the sexes in terms of the average number of prescriptions claimed per patient (p<0.001; Cohen's d=0.09). A total number of 4 231 014 drugs were prescribed, of which 2 494 560 (59.0%) were prescribed to women. A mean of 2.7 drugs (SD 2.1) (95% CI 2.73 -2.74) were claimed per prescription (median two drugs), with no difference in the average number of drugs per prescription between the sexes (p<0.001; Cohen's d=0.02).
Potentially inappropriate prescribing as determined by the 2012-Beers criteria
A total of 102 of the 143 2012-Beers criteria items (71.3%) were available in SA at the time of the study and therefore utilised to identify PIPs. Application of these criteria to the claims data identified 562 852 potentially inappropriate medicine items (13.0%) prescribed to a total of 71 206 patients (68.9%). The majority of these patients (37.2%) received one potentially inappropriate item, 26.1% received two and 16.2% received three. A further 10.7% (n=7 646) received five or more potentially inappropriate items.
As shown in Table 2 , significantly more women (72.3%) received potentially inappropriate drugs than men (64.3%) (p<0.001). However, this difference in prevalence was not practically significant (Cramér's V=0.06). There was also no differ ence between the sexes in terms of the average number of potentially inappropriate items prescribed per patient (p<0.001; Cohen's d=0. 16 ). PIPs decreased overall with an increase in age. However, the differences between the age groups in terms of the prevalence of prescribing of inappropriate medicine items were also not practically significant (p<0.001; Cramér's V=0.04).
The most frequently potentially inappropriately prescribed item was oestrogen (oral and patch formulations) ( Table 3) , pre scribed in 69 894 of the patients (12.4%), followed by meloxicam (n=41 030, 7.3%), amitriptyline and combinations thereof (n=36 509, 6.5%), diclofenac (n=36 062, 6.4%), ibuprofen (n=34 162, 6.1%), alprazo lam (n=29 896, 5.3%), meprobamate and combin ations thereof (n=27 894, 5.0%), sliding-scale insulin (n=18 715, 3.3%), amiodarone (n=17 433, 3.1%) and doxazosin (n=14 816, 2.6%). The χ 2 analysis showed that for oestrogen (oral and patch formula tions), women received significantly more prescriptions than men (p<0.001); this associa tion was moderate (Cramér's V=0.27). It also indicated that for both sliding-scale insulin (p<0.001; Cramér's V=0.11) and doxazosin (p<0.001; Cramér's V=0.13) men received significantly more prescriptions than women. The association for both of these items were small. For the other items forming part of the top 10 most frequently prescribed items (i.e. meloxicam, amitriptyline, diclofenac, ibuprofen, alprazolam, meprobamate and amiodarone), there was no significant difference between the sexes (Table 3) . General practitioners prescribed the largest number of inappropriate medicine items to the older population (70.7%), followed by the specialist group (15.7%), pharmacists (9.0%) and 'other' , which included psychiatrists, radiologists, oncologists and surgeons (4.7%). Table 4 sets out the 10 most frequently inappropriately prescribed items according to each of these groups. The number of potentially inappropriately prescribed items per prescriber group differed significantly (p<0.001). This association, however, was weak (Cramér's V=0.09). Of the 102 items listed in the 2012-Beers criteria that were available in SA at the time of the study, a total of 84 were prescribed and identified in the study. Of these 84 items, 71 were prescribed most frequently by general practitioners, followed by pharmacists with 7 items, specialists with 3 items and psychiatric professionals with 3 items (under prescriber group 'other').
Discussion
Older patients often have multiple diseases requiring multiple drugs. [3] Polypharmacy increases the potential for the prescribing of potentially inappropriate medications. [3] The prevalence of PIPs in our study (13.0%) was found to be lower than that in international studies (ranging from 20% to 40%) [7, 8] and that found by Chetty and Gray [9] in SA public sector primary healthcare facilities and old-age homes in 2004. However, similar to our study, the screening tool used by Chetty and Gray was adjusted based on the availability of data collected and the list of drugs obtainable in SA. In our study, only 102 of the 143 2012-Beers criteria items were available in SA at the time of the study. These results underscore the importance of adapting the Beers criteria list or developing a country-specific list to fit the needs of a prescribing measure in older adults in the SA health sector.
The rate of inappropriate prescribing is generally higher in women than in men, [9] in accordance with a higher prescription claim rate per female patient. Similarly, in our study women tended to receive more inappropriate medicine items than men; however, we found no difference between the sexes in terms of the average number of prescriptions per patient or the average number of items prescribed per patient, which could have influenced this association. Further studies are therefore needed in the SA private health sector to clarify the dynamics of sex differences in interactions between healthcare providers and patients resulting in women being prescribed more medication.
Studies assessing inappropriate prescribing report that the most common potentially inappropriate medicine items include amitriptyline, benzodiazepines, doxazosin, proton-pump inhibitors, NSAIDs, digoxin, antihistamines and oestrogen. In agreement with these studies, the most frequent potentially inappropriate medicine items prescribed for our population included oestrogen (oral and patch formulations), followed by non-steroidal antiinflammatory drugs, meprobamate and/or combinations thereof, amitriptyline and/or combinations, alprazolam, sliding-scale insulin, amiodarone and doxazosin. The prescribing of oestrogen (oral and patch formulations) among patients in our population was significantly higher in women than in men, whereas for both sliding-scale insulin and doxazosin, men received significantly more prescriptions than women. Oestrogen is essentially used as hormone replacement therapy (HRT) in women with oestrogen deficiency and to ameliorate hot flushes and atrophic changes in the urogenital tract. It is also indicated for preventing bone loss and the development of osteoporosis, and may reduce the risk of coronary artery disease, memory loss and Alzheimer's disease. [12] In men, oestrogen is used for the treatment of low oestradiol (E2) levels from congenital aromatase deficiency. E2 can furthermore be used to relieve hot flushes in men treated with luteinising hormone-releasing hormone. [12, 13] According to the position statement by the South African Menopause Society, [14] HRT can be prescribed for long-term use, and need not be routinely stopped within 5 years or by age 65 years, provided the patient has no untoward complications and continues to be monitored appropriately. However, since the prescription data analysed in this study contained no clinical indicators, it was not possible to determine whether medicines were prescribed without appropriate indications or whether existing clinical conditions may have provided reasons for, or against, the choices exercised.
The longevity of older adults is associated with musculoskeletal disorders that include osteoarthritis, rheumatoid arthritis (RA) and October 2016, Vol. 106, No. 10 osteoporosis. According to Usenbo et al., [15] the prevalence of RA in SA for adults aged ≥65 years is relatively low at 2.5% in urban settings and 0.07% in rural settings; however, that for osteoarthritis is 55.1% in urban settings and ranges from 29.5% to 82.4% in rural settings. NSAIDs are effective in controlling pain and stiffness and are often prescribed on a long-term basis for patients with RA. Meloxicam, a cyclo-oxygenase (COX) inhibitor with antipyretic, anti-inflammatory and analgesic activity, has been approved by the US Food and Drug Administration for use in osteoarthritis. Diclofenac is a COX-2 selective inhibitor that is effective for pain relief and the prevention and alleviation of fever, and to reduce inflammation. It is also useful to treat RA, osteoarthritis and ankylosing spondylitis. Ibuprofen is useful in the treatment of RA and osteoarthritis, and may also be used to alleviate moderate pain. It is therefore not surprising that a significant proportion (19.8%) of patients in our study population received NSAIDs, in particular meloxicam, diclofenac and ibuprofen. [16] the lifetime disorders most frequently encountered by South Africans are anxiety disorder (15.8%), drug use disorders (13.3%) and mood disturbances (9.8%). Antidepressant medication such as amitriptyline is mainly used for the treatment of depression; however, its off-label use includes indications such as insomnia, panic disorders, alcohol dependence, pain management, and agitation in patients with dementia. [17] Benzodiazepines are essentially used to treat acute anxiety conditions and as hypnotics, [12] and are frequently prescribed for older persons, in particular females. A substantial number of meprobamate-containing items were prescribed for older patients in our study population. Analgesics, in general, are one of the most frequently prescribed drug groups, particularly to women. Earlier studies conducted in SA indicated that the second and third most frequently prescribed analgesics were combinations of drugs of which meprobamate formed part of the combination. [18] Women in these studies received analgesics containing meprobamate nearly five times more often than men, whereas in our study, women were about three times more likely to receive analgesics containing meprobamate.
Men received significantly more prescriptions than women for both sliding-scale insulin and doxazosin. Insulin is indicated for the treatment of type 1 diabetes mellitus and as a supplement in type 2 diabetes. According to the South African National Health and Nutrition Examination Survey (SANHANES-1), ~19% of older patients (≥65 years) in the country had a diagnosis of diabetes in 2012. [19] At a national level, mean glycosylated haemoglobin (HbA 1c ) levels increased significantly with age, reaching their highest value in the group 55 -64 years of age. Among men in particular, the increase in mean HBA 1c values was associated with a significantly higher agerelated prevalence of impaired glucose homeostasis (HBA 1c >6.1% and <6.5%) and diabetes (HBA 1c >6.5%), with the highest prevalence in the groups aged ≥65 years and 55 -64 years (19.7% and 20.9%, respectively).
Benign prostatic hypertrophy (BPH) can be classified as a common urological condition that increases with age. BPH affects 40% of men in their 50s, with an increase in prevalence to 80% of men in their 70s. Medical therapy generally includes alpha-blockers such as doxazosin. [12] It is therefore conceivable that the men in our study population received more prescriptions for doxazosin than their female counterparts.
Similar to the trend that has been observed in other studies, the potentially inappropriate items in our study were prescribed most frequently by general practitioners. It is not clear why we observed this trend; however, as noted by Chetty and Gray, [9] the Beers criteria are limited in both sensitivity and specificity, as these criteria do not take into account the individualisation of medicine regimens by prescribers to suit individual patients' needs.
Other factors to consider when interpreting our findings include the use of only one PBM's data, so only members of the medical aid schemes administered by the selected PBM were represented in the study. The database furthermore only included claims for medicine items and not for other medical devices and interventions. Patients may also have gone in and out of eligibility, which could have led to subjects and data being missed, with subsequent under-reporting of PIPs.
Conclusions
Our study showed that PIPs according to explicit criteria were common in older patients registered on the database. In this study, women were more likely to be exposed to PIPs than their male counterparts. Although it is important to remember that the use of explicit criteria cannot substitute for clinical judgement based on the individual patient, there is a need for a prescribing measure for older adults in the SA health sector that can be used to encourage valuedriven healthcare.
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